Introduction
Human T-lymphotropic virus type I (HTLV-I) is the etiological agent of HTLV-I-associated myelopathy (HAM), and adult T-cell leukemia/lymphoma (ATLL). 1, 2 In the Shimoyama classification, four subtypes of ATLL are recognized: smoldering, chronic, lymphoma and acute. 3 Essential diagnostic criteria are histological/cytological evidence of T-cell malignancy, abnormal peripheral blood T lymphocytes (except in lymphoma) and anti-HTLV-I antibodies in serum. Sub-classification is based on lymphocyte count, abnormal lymphocyte percentage, lactate dehydrogenase (LDH), corrected calcium and the pattern of tissue involvement. Smoldering ATLL is diagnosed when 5% or more abnormal lymphocytes of a Tcell nature are present in the peripheral blood but total lymphocyte count is less than 4x10 9 /L, corrected calcium is normal and LDH is less than 1.5 times the upper limit of normal (ULN), or in the presence of histologically proven skin or lung involvement. In the classification study, cutaneous lesions were present in 48.9% and lung involvement in 15.6%; thus abnormal lymphocytes of 5% or more would have been the only abnormality in the remainder. Abnormal lymphocytes in this context include flower cells, blast-like cells, giant cells with cerebriform nuclei, and small atypical lymphocytes with nuclear pleomorphism. 4, 5 A further category of lymphocytes with 'unusual morphology', including lymphoblasts and lymphocytes with features including cytoplasmic granulation and vacuolation, has been described in ATLL. 6 The classification study reported 62.8% 4-year survival for smoldering ATLL. In another retrospective study, 11 of 26 (42%) smoldering ATLL transformed to aggressive ATLL after a median of 81 months. 7 Atypical lymphocytes are commonly observed in peripheral blood films of non-ATLL HTLV-I infected patients attending the HTLV service at St Mary's Hospital, London, UK. Therefore, a prospective analysis of all such patients (1991-2008) was conducted to identify whether the presence of 5% or more abnormal lymphocytes in peripheral blood or other risk factors were associated with risk of incident aggressive ATLL.
Design and Methods
Essential inclusion criteria were serological confirmation of HTLV-I infection (gag and env antibodies on Western blot) and a peripheral blood film at presentation. Patients were characterized as either asymptomatic HTLV-I carriers (ACs) or patients with any HTLV-Iassociated inflammatory disease (HAID). Patients with a prior diagnosis of cutaneous, chronic, acute or lymphomatous ATLL were excluded.
Demographic data included gender, ethnic origin, age, disease status at last follow up or cause of death. Laboratory data included full blood and differential white cell counts, CD3 + CD4
+ and CD3 + CD8 + subsets, CD4 and CD25 expression, corrected calcium, globulin, creatine kinase (CK), LDH and b2 microglobulin (b2M). HTLV-I proviral load (PVL) was quantified by real-time PCR using the Roche LightCycler (Mannheim, Germany). 8 Briefly, genomic DNA extracted from 1x10 3 peripheral blood mononuclear cells (PBMCs) was used as a template for amplification. Two separate PCRs were carried out for quantification of HTLV-I Tax and b-globin DNA. Standard curves were generated for both PCRs using genomic DNA from MT-2 cells (7 Tax copies Out of 153 newly referred human T-lymphotropic virus type I infected patients, 42 (27%) had 5% or more abnormal lymphocytes, consistent with the diagnosis of smoldering adult T-cell leukemia/lymphoma. The abnormal lymphocyte percentage was higher in patients with human T-lymphotropic virus type I associated inflammatory disease compared with asymptomatic carriers (P=0.006). Over 4.5 years median follow up, 4 patients, all with 10 or more human T-lymphotropic virus type I DNA copies/100 peripheral blood mononuclear cells at presentation, but only one with 5% or more abnormal lymphocytes at presentation, developed adult T-cell leukemia/lymphoma. Thus, high pre-morbid human T-lymphotropic virus type I proviral load, rather than fulfilment of the classification criteria for smoldering adult T-cell leukemia/lymphoma, was associated with an increased risk of developing aggressive adult T-cell leukemia/lymphoma.
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per cell) and the copy numbers in individual samples were estimated by interpolation from the standard curves. The HTLV-I PVL was then calculated as:
([tax copies /10 3 cells]/ [0.5 b-globin copies/10 3 cells]) x100 = tax copies/100 PBMCs Peripheral blood films were stained according to the method of May-Grünwald-Giemsa and 100 PBMCs were examined microscopically by 2 of the authors (BJB and AH).
Statistical analyses were performed using R version 2.12.1 (The R Foundation for Statistical Computing). Potential risk factors were examined for correlation with 5% or more abnormal lymphocytes using the Mann-Whitney Test for continuous variables and Pearson's c 2 test with Yates's continuity correction for binary variables, with a 5% level of significance. b2M, CK, LDH and globulin were converted to binary variables (within or above normal limits), and HTLV-I PVL was analyzed on a logarithmic scale. Bonferroni's correction for multiple comparisons was applied to all P values obtained. Variables significantly associated (before Bonferroni's correction for multiple comparisons) with 5% or more abnormal lymphocytes were further analyzed through logistical regression. For continuous variables, likelihood ratio tests were performed to test for any departures from a linear trend. Multivariate logistical regression models were built through both backward stepwise exclusion and forward stepwise selection to ensure a consistent model was produced.
Person-years follow up for each participant were calculated from initial presentation to last follow up or development of ATLL.
This study was approved by the Joint Research Office of the Imperial College Healthcare National Health Service Trust.
Results and Discussion
Of the 153 eligible patients, 117 were female, 76% African/Afro-Caribbean, 19% Caucasian and 5% of other ethnic origin. Ninety-two (60%) were ACs and 57 of 61 with HAID had HAM. Demographic and laboratory data are summarized in Table 1 . The median values of globulin, CPK and b2M, surrogate markers associated with inflammation, approach the ULN. Median follow up was 4.5 years, being longer than five years in 38% AC and 51% in patients with HAID. All patients under regular follow up were seen at least every six months.
Absolute CD4 + lymphocyte counts and atypical lymphocyte percentages but not total lymphocyte counts, were higher in patients with HAID (P<0.05). Globulin, CK and b2M were higher in the HAID group while the neutrophil count was lower (all P<0.05). HTLV-I PVL was higher in males than females and in patients with HAID than ACs (both P<0.05).
There was no difference in lymphocyte count, atypical lymphocyte percentage or b2M between African/AfroCaribbean and Caucasian subjects. Lower hemoglobin concentration and neutrophil counts, and higher LDH and CK were observed in African/Afro-Caribbean subjects (all P<0.05).
Abnormal peripheral blood lymphocytes were observed in 75% of patients. An irregular or convoluted nucleus ( Figure 1A ) was the most frequent feature, but other morphological abnormalities such as cleft or bi-lobed nuclei ( Figure 1B and C) , atypical large granular lymphocytes (LGLs) (Figure 1D ), flower cells ( Figure 1E ) and abnormally large lymphocytes ( Figure 1F ) were frequently observed,
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haematologica | 2013; 98(3) In the multivariate logistical model, above normal b2M was the only independent predictor of 5% or more abnormal lymphocytes. Probably due to the strong association between HAID and b2M (c 2 =19.99, df=1, P<0.001) the association between HAID and 5% or more abnormal lymphocytes was no longer present. Patients with raised b2M are over three times more likely to have 5% or more abnormal lymphocytes after controlling for HAID than patients with normal b2M (OR 3.45, range 1.098-10.827,
P=0.034).
None of the 97 patients with an HTLV-I PVL of less than 10% developed aggressive ATLL after a median 3.1-year follow up. Median follow up of the 56 patients with an HTLV-I PVL 10% or more (range 10-61.5) was 4.2 years. Four (7%) developed aggressive ATLL, (3 lymphoma and one acute ATLL) of whom 2 were male. Of the 56, 41 had HAID and 15 were ACs; thus 3 of 41 (7.3%) with HAID and 1 of 15 (6.7%) ACs with PVL 10% or more developed ATLL (P=not significant). At initial presentation, only one had 5% or more abnormal lymphocytes, including flower cells. All 4 patients maintained an HTLV-I PVL 10% or more throughout the mean 5.8 (range 2-10) years preceding the emergence of ATLL.
The overall incidence of aggressive ATLL in our cohort (4 of 153) equates to 5.4 cases per 1,000 person-years (95% CI: 0.83-11.9). Among patients with an HTLV-I PVL 10% or more, the incidence of aggressive ATLL was 13.3 cases per 1,000 person years.
Long-term observational cohort studies are essential to accurately predict risk of aggressive ATLL in HTLV-I carriers, but few such studies exist. In the Miyazaki cohort study 27% of the 1,790 cohort members enrolled were HTLV-I positive while five incident cases of ATLL were observed between 1984 and 1995. 9 Although the low incidence of ATLL also prevents us from developing a robust risk prediction model, several important observations can be made.
1) The presence of 5% or more abnormal lymphocytes at presentation was positively associated with the presence of HAID, higher serum levels of LDH, CK, b2M, globulin and increased percentage of CD4 + CD25
+ suggesting an inflammatory stimulus to abnormal lymphocyte production.
2) CD4 + CD25 + co-expression was significantly higher in subjects with HAID (median 50%, range 8-98%, excluding the patients who subsequently developed ATLL). + percentile on flow cytometry alone should not be used to diagnose ATLL. We conclude that these atypical lymphocytes are activated lymphocytes and are not pre-malignant.
3) The observation that 7% of patients with HTLV-I PVL of 10% or more developed aggressive ATLL during a HTLV-I and increased risk of aggressive adult ATLL haematologica | 2013; 98(3) Figure 1 . Lymphocyte morphology in asymptomatic carriers of HTLV-1: (A) convoluted nucleus; (B) cleft nucleus with cytoplasmic blebbing; (C) bi-lobed nucleus; (D) large granular lymphocyte; (E) flower cell; (F) abnormally large cell. (Images were obtained using a Nikon Eclipse E600 microscope, 100x objective, Olympus DP-12 camera; Adobe Photoshop used to adjust contrast and brightness only). median 4.5-year follow up suggests that this subgroup has a much higher lifetime risk of ATLL than the general HTLV-I-positive population. In subjects with HTLV-I PVL of 10% or more, although numbers were small, there was no apparent difference in development of ATLL in subjects with or without HAID. Of those with HAID who developed ATLL, none had been previously treated with steroids or immunosuppression. Higher HTLV-I PVL has been reported to predict the development of ATLL in asymptomatic HTLV-I carriers. 10, 11 In a 2010 study, 14 of 1,218 AC developed ATLL (10 smoldering, 2 lymphoma and 2 acute ATLL) after a median follow up of one year, all of whom had an over 4% HTLV-I proviral load while asymptomatic. 11 The incidence of aggressive ATLL in this Japanese AC cohort was 2 per 1000 person-years; this was less than but not dissimilar to that seen in our nonJapanese cohort that also included patients with HAID. Exclusion of these patients would underestimate the overall risk of ATLL since this group has higher HTLV-I PVL. 
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